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By Reino J. Salmil
SUMMARY

A low-speed investigation of the static longitudinal aerodymnamic
characteristics of a twisted and cambered wing having 45° of sweepback’
and an aspect ratio of 8.0 was conducted in the Langley 19-foot pressure
tunnel.  The tests included the effects of leading- and trailing-edge

flaps, flow control fences, and a fuselage. The investigation was msade

through a Reynolds number range of 1.5 X 109 to k.8 x 106,'

A comparison of the results with those of a wing of simllar plan
form, but with no cember or twist, Indicated that, for the flaps-neutral
case, camber and twist Improved the stabllity considerably in the 1ift-
coefficient range below 0.7, increased the lift-drag rétios in the mod-
erate and high 1ift-coefficlient range, and increased . the maximum 1ift
coefficient from 1.0l to 1.30.  With high-1ift and stall-control devices
on the wings, camber and twist increased.the lift-drag ratios in the
high-11ft range and increased the maximum 1ift coefficient although the
forward shift of aerodynamic center near the maximum 1ift was somewhat
greater for the twisted snd. cambered wlng than for the untwisted wing.
The fuselage had a destabilizing effect which increased greatly in the
high angle-of-attack range. Réynolds number effecte on the aerodynamic-
characteristics ifi the range investigated were, in general, small,

Roughness on the leading edge of the plain wing caused an apprecisble
- decrease 1in the 1ift coefficient at which the pltching moment became .
unstable and decreased the maximum 1ift coefficient about 0.2.
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INTRODUCTION =~ ~— =~ = T

As pert of.a brosd program to lnvestigate the low-speed dero@ynemic - - =
characteristics of sweptback wings, the static longltudinal stability
cheracteristics of a 45° sweptback wing of aspect ratio 8.0 were inves-
tligated in the Langley 13-foot pressure tunnel. The results are reported
in references 1 to 3. Although a wing of such plan form is basically '
very unstable at moderste and high 11ft coefficients, It was polinted’ L
out in reference 1 that longltudinal stability could be obtained from T
the use of stall-control devices.

More. recently, consideration has been given to the use of camber
and twigt variations along the span as g means of counteracting the ot
undesirable induced effects of sweepbacdKk. ~Tamber and twist—=leso provide - T
additional advantages, if properly applied, in that—both the-profile and
1nduced drag would be reduced for high desgign 1ift coefficients.

With these considerations in mind, an experimental. investigation -
wag conducted to determine the low-speed longitudinal characteristics of-—- T
a 450 gweptback wing of aspect ratio 8.0, which was cambered and twisted =~ 2

to provide an elliptical spanwise_lqu,distpibuyion_at_a_dgsign 1ifs S
cogfficlent of-0.7 and a Mach number of 0.9. The plan form of the present =
wing was simllar to the plan form of the wing reported in references 1 T ra
to 3, which had no camber or twist. ) ) -

The present paper contains the results of force tests to determine
the effectas of high-1ift and stall-control devices on the cambered and
twisted wing. The investigatlon was conducted at Reynolds numbers

renging from 1.5 ¥ 10 to 4.8 x 166 . : s
SYMBOLS . ... - . . . o

All forces and moments are referred to a point 9.34 percent of the
mean serodynamic chord above the quarter-chord point of the mean aero-
dynamlc chord projected to the plane of symmetry.

A " aspect ratio

a - speed of sound -
b ' wing span R | o
c ‘ wing chord S e S ) : C S
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L 2 b/2 2,
mean &erodynamic chord 5 c=dy
o

drag coefficient (Drag/qs).

1ift coefficlent (Lift/qS)

-deslgn sectiqn lift coefficient

1n¢rement in 1ift coefficient

pitching-moment coefficient (Pitching moment/qST)

Cp, (fuselage on) - Cy (fuselage off)

- - rate of change of pitching- moment coefficient with

11ft coefficient

1ift-drag ratio

Mach number (V/a)
dynamic pressure _(?/2QV2>
Reynolds number (pVe/K)

wipg_areg _

. wing thickness at any sectlon

free-gstream veloclty

-distance slong chord line from leading edge

spanwise coordinate

distance normal to chord line

angle of attack of wing root chord line

flep deflection angle measured in a plane parallel to

plane of symmetry

mass density of air
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3 . .. coefflicient of viscosity

Subscripts:
max Co  maximum '
MODEL

The wing (fig. 1) was similar—in plan form tu the untwisted wing
reported in references 1 to. 3,'and had 459 of sweepback at the quarter-
chord line, an aspect ratio of 8.0, and a taper ratio of 0.45. The B
vwing was designed to provide—sn elliptival spenwise loading and a uni-
form chordwise loading at—= 1ift coefficient of 0.7 and a Mach number
of. 0.9. The corresponding twist and. camber were-calculated by the method
of reference 4. Figure 2 presents the spanwise variation of the geo-
metric twist and_the design section 1ift coefficients The mean line
used was a very close approximation of the mean line derived from refer-
ence h-and was obtained by increasing slightly the curvature near the
nose of & mean line of the type & = 1. The equations giving the-shape-
of the mean .line.together with tabulated ordinates for a design section
1ift coefficient of 1.0 are given in table I. The mean-line ordinates
at-any spanwise station are obtained by multiplying the ordinates given
in table I by the proper values of Cz given in Pigure 2. The thick-

ness distribution of the NACA 6334012 section wvas used. The twisted wing
represents a serles of sections sheared parallel to the plane of symmetry
and rotated gbout.the 80-percent chord point, so that true sections were.
maintalined parallel to thé plane of symmetry.

The—wing construction consisted of & steel core with an outer layer
of an alloy af bismuth and tin. The various flaps and fences used on’

the wing were made of sheet steel. The detalls of these devices and .. T

their locations on the wing are shown in figure 1.

The fuselage wds circular. in.cross section and had a fineness ratio
of 10.0. The fuselage had removable ‘sectiouns which permltted the wing '
to be set at incidence angles of 0% or ‘4°. For each incidence angle, L
the leading edge ©of the root chord remained fixed relative to the fuselage,
that is, 3.182 inches .aboye the fuselage center line. The fallowing
equations defin€ the fuselage nose and afterbody shapes

»

Nose™ ghape

-

.M

1
'

|
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Afterbody shepe - - - - -
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where the length of the constent- diameter_section was equal to 41.680
inches and . - ’ . ' .

r radius  --
ro ~ radius of constent-diameter section (6.36 in.)
Xy distance measured toward center of fuselage from

fuselage nose .

L : length of curved portion of fuselage nose (33 344 in.)

Xg : . .distance measured toward center of fuselasge from the
stern.

lg

 length of curved portion of fuselage afterbody (52.236 in.)
TESTS

The tests were conducted in the Langley 19-foot ﬁressure tunnel at
an air pressure of sbout 33 pounds per square inch absolute and at Reynolds

6
numbers raﬁging from 1.5 x 10. to k.8 x 10°. Figure 3 éhows the model
mounted in the tunnel.

Measurements of the forces and mcments on the model were made for
an angle-of-attack range from -4° to 30°. Most of the data were obtained
with the fuselage off. Various combinations of the leading-edge flaps,
trailing-edge flaps, and fences were_ tested, and the results sre sum-
marized in. teble II. The fuselage-on deta were obtained for wing inci-
dence angles of O° and 4°. An indication of the air-flow characteristics
near the surface of wing was obtalned from observations of wool tufts
fagstened to the wing surface with cellulose tape. R
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The- teat Reypolds numbers and corresponding Mach numbers vere as - .
follows: LT T

R — o M

1.5 x 108 0.07
o .11
3.0 1h
.0 .19
8 .25

The effects of roughness of the type described in reference 5 on~ oo
the aerodynamic characteristécs of -the pla%n wing were determined at T
Reynolds numbers of1.5 % 10° and k.0 x 109. .

RESULTS AND-DISCUSSION

The data have been corrected far the support tare and interference T
effééts, air-stream misalinement, model blockage, and jet-boundary inter- . o
ference. - The Jet=boundary corrections were determined by the—method == -~ . -7 [T
shown in reference 6. In the following discussion, reference 1s made :
to unpublished pressure-distribution data which were obtained on the
present-wing.

Longitudinal Stability Characterlstlcs - - : _ - s

Wing alone.- The 1lift and pitching-moment—characteristics of the iy
cembered and twisted wing and those of the uncambered and untwisted P
wing (reference 2), whith will hereinafter be referred to as the flat e o
wing, are presented in figure L, - It 1s readlly apparent that the camber o
and twlst increaged the lift-coefficient range in which the winga did _ _—
not experience any decrease in stability and that—the twisted and cam- -
bered wing had amn abrupt—unstable break, whereas the flatwing had a S
more gradual unstable change. From reference_2 and from unpublished =
section-11ft date for the twisted and cambered wing, it was noted that . .
e losg in 11ft for the wing sections near the tips began at a wing lift
coefficient of about 0.4 for the flat wing and 0.7 for the cambered and
twisted wing. The pitching-moment date of figure %, however, indicate
a forward movement of the center ofpressure for the flat wing which T
begins at a 1ift coefficient of gbout 0.2. Analysis of the pressure- ~
distribution data of reference 2 indicates that.ithe sectlion centers of
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pressure do not move enough to account for much of the wing center-of-
pressure movement. The initial movement of the wing center of pressure.
is evidently due mainly to small reductions in the lift-curve slope of

b .
the tip sections, possibly even outboard of the 0.96§Hstation {the far-

thest outboard row 6f orifices). Lift changes outboard of this station
would not be large enough to affect the wing lift-curve slope but would
have a noticeable effect on the wing pitching moment and center of pres-
sure because of.the distance of those sections behind the moment center.
The 1ift curves were neasrly linear for the tip sectlons of the twisted

end cambered wing go that the piltching-moment-coefficient curve for that
wing (fig. ‘4) was almost linéar in the 1ift-coefficlent range below 0.7.

Stall-control devices.-.As in the case of the flat wing (reference 1),
an appreciable improvement in the stebility of the cambered and twisted
wing resulted from the use of upper-surface fences (figs. 5 to 9). A
comparison of the plitching-moment curves of the varlious fence configura-
tions indicasted that the most favorable stability characteristics were
obtained for a combination of three complete fences located at 0.450b/2, -
0.700b/2, and 0.890b/2 (fig. 7). When more than three fences were used,
the stability characteristics in the lift-coefficient range below the
maximum 1ift coefficient were further improved, but an unstable break
resulted at the maximum I1Ift coefficient. The results of the present
investigation, however, Iindicste that, as in the case of the flat wing,
the instability of the cambered and twisted wing could not be completely

- eliminated by the use of fences alone.

Some indication of the effects of the fences or the boundary-layer
cross flow may be obtained from the tuft studies of figure 10. It can
be seen that the cross flow was obtained between the fences even at the
lowest 1lift coefficient for which the tuft-study data are presented.
The cross flow between the fenceg is believed to be independent of the
cross flow on the wing inboard of the fences, since the stalled ereas
on the wing in the high lift-coefficlent range are prevented from
spreading to the wing areas Just outboard of each of the fences.

*

Figure 9 gives the resulis of a brief investigation of the effect
of fence height. The effectiveness of the fences in promoting stgbility
increased somewbat with size, but the fences having a helght of O'lstmax

were almost as effective as those having a height of 0.60tg.. -

An apprecisble improvement in the stabllity of the wing was also
obtained with thé leading-edge flaps (fig. 11). It can be seen that,
as in the case of the flat wing, the leading-edge flaps of sbout half
of the semispan provided the grestest reductions-in the instability of
the twisted and cambered wing. The tuft studies of figure 12 indicate

P
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' that the leading-edge fians'tended'to reduce the cross flow at the
“.. forwsrd part of the outboard_sections and delay the separation to higher
lift“coefficients._ .

When a combination of- both leading edge flaps and fences was used .
on the wing, the greatest stebilizing influence- of. the stall-control o
" devices was. obtained. From figures 13 end 14-it can be seen that the T aE
most favorable pitching-moment—characteristics in the region of- the o
meximum 1ift coefficient were obtained with a combination of-O. L50b/2
_leading-edge flaps and 0.575b/2 and O. 800b/2 chord fences on the wing.
From figure 1l it can be seen that. whén the leading-edge- flaps were on,
. the use of more than two fences on the wing reduced the instebility in

'larger unstable variations near the maximum lift coefficient.

: Combinations of stall- control devices and trailing _edge flaps.-

- .When the ‘stall-coritrol devices were off, the trailing edge flaps increased .
' the-1ift coefficient at which the large unstable _pitching-moment - change e
occurred (fig. 15). The greatest increase occurred with the longest"' T
span trailing-edge flaps.-” _ __r- . . ST

With the trailing—edge flaps on, the addition of fences to the wing -
reduced the instability to approximately the same degree as with the
'flaps off,. as indicated by,a comparison oflfigures 16-and 17 with ) 3
figures 6 and 7.. From g comparison oftfigures 16 17, and 18 it can B T o=
be -seen that— with_the tralling-edge flaps on,’ the unstable pitching- o O
- moment break occurred at. & higher lift-coefficient with leading-edge s RE,
flaps than with fences, but the instability prior to CI - .was greater T

'with the leading-edge flaps.

"Ks in the case with the trailing edge flaps off, the greatestf

© staebilizing influence of. the stall-control devices when the trailing- s

' edge flaps were on, was obtained with.a combination of both the leading- - -~
edge flaps and fences. Figures 19 and 20 present +the results obtained
with various spans of- both split—and extended-split flaps at deflection -
angles of 23° and 52°, on the wing with 0.500b/2. leading-edge flaps and
" 0. 575b/2 and O. 800b/2 chord fences. In general, the effects of trailing-
edge split—flaps on the stablllty were similar to those noted for the
flat wing (reference 1) and a lower-sspeci-ratio wing (reference T).
It can be-seen from figures 19 and 20 thet the shortest-span trailing-

edge flaps tested {O. 3503) improved the stabillity slightly, but with

- longer spans of trailing-edge flaps, the stability in the high-1ift- ] )
coefficient range progressively decreased as the treailing-edge flap span T
was increased. With both types of trailing-edge flaps, smaller unstable -
variations 1n the pitching moment occurred at the lower flap deflection
angle (23°%). Except for the differences In the lift coefficients at
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which the unstable pitching-moment variations occurred, the differences
In the stability characteristics for the two types of split flaps tested
were, in gemeral, small (fig. 21).

An indication of the effects on the stability of the number of fences
used when both the leading- and trailing-edge flaps were on the wing can
be seen from figure 22. The curves indicate that a single fence was less
than half as effective as tyo fences in reducing the instability.

Both the split flaps arnd the extended-split flaps effected a posi-
tive trim change, as would be expected from the geometry of the wing.
Through the renge of span investigated, the trlm change decreased as
the tralling-edge-flap span was increased,

A direct comparison of the stabllity of the various combinations of
devices tested cdn be seen from figure 23 in which the wvariation of
dCp/dCy, with 1ift coefficlient is shown for the most favorable arrange-

ment of the devices from the vliewpoint of stabillty for each case.

Lift Characteristics

Wing alone.- A maximum 1ift coefficient of 1.30 was obtained for
the plain cambered and twisted wing in the angle-of-attack range tested
(fig. ). The increase in the maximum 1ift coefficient over the value
of 1.0l obtained for the flat wing was approximately equal to the smount
that would be expected because of the addition of the camber {reference 5).
A decrease iIn the lift-curve slope occurred at & wing 1ift coefficilent of
about 0.7 and corresponded with the unstaeble break in the pitching moment.
In the region near the maximum lift coefficient the variation of the 1lift
coefficient with angle of attack was small. .

High-1ift and stall-control devices.- A maximum 1ift coefficient
of 1.47 was obtained with the combination of O. h50b/2 leadlng-edge flaps
end 0.575b/2 and O. 800b/2_chord ‘fences on the wing, which was the most
favorable combination of stell-control devices from the viewpoint of
stability with the trailing-edge flaps neutral (fig. 13).

As shown by figure 2k, the split Pfleps were very poor high-1lift
devices regardless of their span or deflection angle. The extended-split
flaps, however, increased the maximum 1ift coefficient appreciably. The
maximum 1ift coefficlent increased with an increase in the span of the
extended split flaps for both deflection angles tested. The increments
in the maximum 1ift coefficient obtained with the extended-split flaps
were greater at the lower deflection angle. The optimum flap deflection
angle for meximum 1ift is probably in the range between 23° and 52 .

 This conclusion is in agreement’” with the results obtained .in reference 8,



10 | g NACA RM L52C1l

where en optimum deflection aigle of 40° was obtalned for extended- .
split flaps. ' : oo o .

L1

The highest value of the maximum 11ft coefficient obtalned in the
tegtes was 1.18 with the combination of“O.GOOb/2 extended-split- flaps
deflected 23" ‘and with leading-edge flaps and fences (fig. 20). A large
ungstable variation in the piliching moment—occurred near the maximum 1lift
coefficient-for this combination, however. As previously noted, the
most favorable pltching-moment characteristics were obtalned with the
. shortest-span trailing-edge flaps in combination with the leading-edge
flaps and fences. For this configuration (using extended-split-flaps)

a meximum 1ift coefficient of 1.61_was cobtained ‘with a forward movement

of the serodynamic center of about 17 percent of the mean aerodynamic _

chord in thé high-11ift range, as shown by figure 23. In the case of the - ——
flat wing, a maximum 1lift voefficlent of 1.50 was obtained with an
aerodyriamic-center shift of about 6 percent mean aerodynemic chord for

a combinstion of O.500b/2 extended-split flaps and a similar arrangement

of stall-control devices as thaet used on the cambered and twisted wing.

Drag Characteristics

The drag characteristits of the cambered and twisted wing are pre-
sented as variations of the lift-drag ratios with 1ift coefficient .
(fige. 25 and 26). The maximum value of the lift=drag ratlio of the ~
twisted and cambered wing was slightly less than that of the flat wing,
but the L/D curve for the cambered and twisted wing had a much broader
peak and considerably higher values of L/D in the lift=coefficient
range sbove approximately 0.45.

From figure 26 it can be seen that, although fences reduced the _
meximum value of+—L/D of the cambered and twisted wing, they increased
the lift-drag retios in the high-11ft range. With similar arrangements
of -trailing-edge flaps, leading-edge flaps and fences on the wings, the
cambered and twisted wing exhibited greater values of L/D at 1lift
coefficients above about 1.35 (fig. 26). The L/D values in the low
lift-coefficient range may be smaller for the cambered and twisted wing
because of the large negative angles of attack of the tip sections at
low 1ift coefficients. : :

Fuselsge Effects
The varlations of the 1ift and pitching-moment characteristics of _
the cambered and twisted wing with and without a fuselage are presented -

in flgure 27. From figure 28 which shows the variation with angle of .
attack of the increment 1n pltchlng moment between the wing alone and
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wing-fuselage combination ACmf s it can be seen that & sharp increase
in ACmp occurred at approximately 269:ang;¢ of attack. It can also
be seen from the curves of Acmf for the various flap configurations

that the angle of attack at which ﬁhe_increase occurred was dependent
to some degree on the wing flap configuration. Inasmuch as ACme

represents the summation of all the mutual interference effects between
the wing and fuselage in eddition to the basic fuselage pitching-moment
characteristics, the causes of the sharp increase in acmf cannot be

isolated from the data available. Because the fuselage caused the
pitching moment to break unstable at the maximum 1ift coefficient as
shown in figure 27, it seems that a more detalled invesitigation of the
fuselage effects in the high-angle-of-attack range would be desirable.

From a comparison of the curves of figure 27 the effects on the
stebility of a change in the wing incidence angle from 0° to 4° relative
to the fuselage cénter line appeared meinly as a trim shift.

Both the maximum 1ift coefficlent and the lift-curve slope were
8lightly higher wilth the fuselage on, for both values of the wing-
fuseldge incidence tested. At zero angle of attack, the fuselage caused
a slight decrement in the 1ift coefficient (fig. 27). The decrement in
1lift was greater for & wing incidence angle of 4° than 0° Because of the
greater negative attitude of the fuselsge. . '

Reynolds Number Effects -

In the Reynolds number range investigated (1.5 X 106 to 4.8 x 106),
the maximum 1ift coefficient obtsined on the plain wing in the angle-
o attack range tested increased from 1.22 at a Reynolds number of

1.5 x 10° to 1.30"at & Reynolds mmber of 4.8 x 108. An examination
of the 1lift curyves of figure 29 indicated, however, that the maximum
11ift coefficient may not have been reached in the angle-of-attack range
tested. The pitching-moment curves of figure 29 indicate that the
stable moment break in the region of the maximum 1ift coefficient was
‘more pronounced at the higher Reynolds numbers.-

With a combination of four fences on the wing (fig. 30) the maximum
1ift coefficient increased from approximate%y 1.30 to about 1.39 as the
Reynolds number was increased from 1.5 x 106 to 1.0.x 106. Figure 30
algo indicates thet the angle of attack and the 1lift coefficient at
which the unstable pitching-moment bresk occurred increased as the
Reynolds number was lncreased. ’ '
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With & combination of split flaps, leading-edge flaps and fences
(fig. 31) an increase in the maximum 1ift coefficlent—of sbout 0.12

resulted for an increase in the Reynolds number from 1.5 X 106 to

h,0 x 106. The point at which the maximum lift coefficient occurred
also became more definite as the Reynolds number was increased. The—
pitching-moment curves of figure 31 indicate that the instability in the
lift=coefficient range Just below the maximum lift coefficient decreased
as the Reynolds number was increased.

The Reynolds number effects on the lift-drag ratios were not dis-
tinct in the region of (L/D)pey but in the higher lift-coefficient

range, where increasing the Reynolds number would tend to delay sepa-
ration, the lift-drag retios increased slightly with increasing Reynolds
numbers (fig. 32). '

Effects of Wing Roughness

The effects of roughness (of the type-described in reference 5) on
the 1ift and pliching-moment characteristics of the cambered and tyisted
wing are presented in figure 33. At a Reynolds mumber of 4.0 x 10°,
the roughnese decreased the maximum 1lift coefficient about 0.13. A
decrease in the lift-curve slope in: the low lift-coefficient range began
at-an angle of attack of about 3°. The pressure-distribution data
indicated that, with roughness on, the lift-curve slopes of the outboard
wing sections were lower and that the curves began rounding off at a
lower angle of attack. The effects of the wing roughness on the lift
characteristics of the outboasrd wing sections are alsc reflected in
the pitching-moment curves of figure 33, which indicate that both the
large unstable break and the initial decrease 1n stability began et—

much lower 1lift coefflclents.
v

At a Reynolds number of-1.5 X 106, the decrease in maximum 1ift
due to the roughness was not as great as at—the higher Reynolds number,
but the effects of roughness on the pltching-moment characteristcs in
the low lift-coefficient range were almost=as lerge as at the higher
Reynolds number.

CONCLUSTIONS

The following concluding remarks are based on the investigation
in the Langley 19-foot pressure tunnel of a U45° sweptback wing of aspect
ratio 8.0, which incorporated twist and camber:
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-1. The plain twisted and cambered wing exhibited almost linear. _
stable pitching-moment characteristics up to a 1lift coefficlent of sbout
0.7 at which point a severe unstable break occurred.

2. Both upper-surface wing fences and leading-edge Tlaps reduced
the instability between 1lift coefficients of 0.7 and the maximum 1ift
coefficient but in no case was the instability completely eliminasted.
The greatest stabilizing effect was obtained from the use of both
leading-edge flaps and fences in combination. -

3. In general, the stability decreased with increasing treiling-
edge flap span, but with leading-edge flaps and fences on the wing, a
slight. improvement in the stability resulted from the use of O. 350~
semispan extended-split flaps deflected 23°. The stability was generally
more favorable with the flap deflected 23° than deflected 520,

k. The cambered and twisted wing had a meximum 1ift coefficient of
1.30 &8s compared with 1.01 for a similsr wing of no camber or twist.
A maximum 1ift coefficient of 1.6l was obtained with 0.350-semispan
extended-split flaps in combination with leading-edge flaps and fences,
for which case the least forward shift in aerodynamic center (about
17 percent mean aerodynamic chord) was obtaeined. In the case of the
untwisted and uncambered wing, & maximum 1ift coefficient of 1.50 was
obtained with 0.500-semispan extended-split fleps'and & similar arrange-
ment of stall-control devices as used on the untwisted and cambered
wing. The aerodynamic-center shift in the latter case was about 6 per-
cent mean aerddynamic chord.

5. In general, camber and twist increased the lift-drag ratios at
high 1ift ‘coefficlents.. .

6. A large increase in the destabilizing influence of the fuselage
occurred at high angles of attack. The addition of the fuselage caused
an unsteble pitching-moment breek at the maximum 1ift coefficient for
fuselage-off configurations that originally exhibited stable pitching-
moment breaks at the maximum 1ift. ' '

- T« Reynolds number effects on the éerodynamic characteristics in~
the range investigated were, in genersl, small.

8. Roughness on the leadiﬁg edge of the plain wing caused a consid-
erable decrease in the 1lift coefficient at which the pltching moment
became unstable and decreased the maximum 11ft coefficient about 0.2.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronsutics
Langley Fleld, Va. -
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TABLE I.- WING CAMBER LINE ORDINATES FOR A DESIGN SECTION

LTFT COEFFICIENT OF 1.0.

[All values are given in percent of cl'iord_]

O, L0, 0,
¢ 4 =1 L1.05[\C/a=1 6\& 230

() ordinates for a mean line of the type a =1; cl =1
a=1

(reference 5).

x/c -----z/c* x/c - z/c*
0 0 ho 5.310
.5 262 Lhs 5.LO7
15 .369 50 5. 5428
1.25 .566 55 5.372
2.5 .991 60 5.240
5.0 1.689 - 65 5.028
7.5 2.256 TO L.733
10 2.731 75 .1 k.350
15 3.496 80 3.861
20 . 4.070 85 3.257
25 4.525 90 2.490
30 L. .87k 95 1.522
35 ] 5.132 100 - o]

( ) _ordinates for an NACA 230 serles mean line, cz =0. 3'
230 '

(reference 5)
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TABLE II.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF THE

TWISTED AND CAMBERED WING OF 45° SWEEPBACK AND

ASPECT RATIO 8.0

Span | Span Fence
::/:;“EE};? r.o(::‘?t%eu Configuration c'-ucclw 0.%”0::3 Op Characteristiocs Figare

Oy,
L8212 1.6

o

1.30| 27.0° T.5

L b W

A -]

X
™
»
R

28.2°

 Gm— ] 1.38| 26.8°

\

== 140 [27.2°] 8.2

@ - © |10 | 28.0°

|
SHELOETEE NN
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3P TABLE II.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF THE

: ' TWISTED AND CAMBERED WING OF 45° SWEEPBACK AND

ASPECT RATIO 8.0 - Continued

Span Span Pence at .
£ L.XJof T.E] . ¢ .
%}’ﬁ. %};‘;‘ I.o(;;zul.on GConfiguration Luax “ct'nx 0.5‘;»0“-‘ Oy Charactesristics P@

';_? &= . | 2-39] 26.5° : Fa

1.30] 2.2°

-
¢ &8 1214
| 15
o = 6° ‘ \]
.35 )
split
- Flaps -
i \ﬂ 3
5 = 600 1.51]22.5° | I
- s .
Hooe = 1.34| 2&a° ) 15
Br = 60°
| —
botoe iy
o 144 | 22.2° \/
—_—
. ’ 7
144 | 27.0° T~
Eons R 1.35 | 2l 2@ _ 15
&g = 60° R -
.60
11t -
Flaps \
a c 1 f €
’ 18| 23.0° v b1
575 XN 5e = 60°
_ .80 N\ £ _
> N .
.'W . - .
BxE. T 1.617 31.2°
spric| T P _ 15
Flaps e = 3
# Maximum 1ift coefficient probably limited by angle-of-attsok rnnp tested. W .

Flap deflection anglss of 30° and 50°°ﬂllllu‘cd in plans normal to 0.8¢
ugerd. 1ina correspond to 23° and $2° measured in a plans parallel to
the plans of symetry.
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TABLE IT.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS .OF THE

. TWISTED AND CAMBERED WING OF 45° SWEEPBACK AND

ASPECT RATIO 8,0 - Continued

Span gpan Fence N
’ ;512;5‘;::: u(f,;%m Configuration cxnuuclmu o.k;n . Cy Characteristics Figars
(b/2) |(0/2) Faax
0 4758 1.21.6
2
. —— 1.60% 32.2° a
. - . ¥
.gs 5, = 50° E.u 7
Ca— 1,647 31,22 . [ \/g s
:335 8, = 30° T
Rons | it
Flaps )
N 1.58 | 25.4° [~ »
o, = 30° .
% 1.5 |25.4° l —Y w
ﬂs o, = 30° -
.89 . .
Hone Nea P SV “hayfzree ] ek ,_\/ u
| S
Hons .45 [21.0° | \} " 18
b, = 60®
149 {31.2° 1.0 t z " a
]
0, = 30 e
L] Kone 1.61 | 20,2° [ ’\J 18
oE.
!g.'-p: 8, = 50°
.50
Bxt,
Split
Flaps
© a2
575 2 1.60 | 24 1 10.3 I Z
.80 8, = 50°
s N . o
Fosa | oo Pl 147 | 26.5 9.0 b — Y
.80
¥one Hons e 144" 31.20 | : n
50
LE.
Plaps
.52 /"\/
Spiit Hone ,cﬁ— 1.2 |21.2% 28
¥laps . = )
r

# Maxim 1ift.coefficient probably limited by angle-of-attack Tange tented.

nip s

é

and 60° measursd in plens normal to 0.80
pondeit:o;g;“ and 52° measured in & plane parallel to
ths plans of symmetry.
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TABLE IT.--SUMMARY OF LONGITUDHIAL STABILITY CHARACTERISTICS OF THE

~ TWISTED AND CAMBERED WING OF 45° SWEEPBACK AND

'ASPECT RATIO 8.0 - Continued

ST ot o] e . at
Davice n-vs.e.T :‘ig‘““ Configuration “Imax 0-65 Cr .\, |  Om Charsctariaties Figare
20 [(or2)
1} .!;c’* 8 1.2 1.6
50 | . 2
Split Hone - |idg |21.2 18
Flaps 3, = 6o° . A
» r-u e
.60
split None 1.9 | 20.0% /\ﬁ 18
?J.l“_" "r. = §0° t .
— |t | 200 {/\/)’
3;\ Sp = 60° =
23
spilt
Flaps
515 146 [21.27F . 0.5 I/\T 2
.80
.50
s5 t /\ﬂo
Pa 1.51 | 21.0? | 19
.50
Fiene | .60
o 11t . o .
b | \ 1.55 |21.2 | N P 19 -
35 -
1’15- : .57 - 1dy7 |2l .2° 11.5 k :[ 19
.80 5, ='30°
e o
Flepa | , 1di5 | 22k /\\/r 19
.60
Split
Flape et A~ b
St
.3 .
o X 1.57 | 20.4° ‘ ’ 20
Splic ] <5
Flape | 80
9. .66 | 2000
. Shiief 37 : 5. = 60° bl e 7 0
. Flups | 50 =
& f 3
ety 1.72 | 30.0° 20
l'g’lPl :g o, = 60° T

Plip deflection angles of 30° lnd 60° mesaured in

chord line correspond to 23°

the plems of aymmetry.

nnrultooao m

piane
muu.r-d. in a plans pu.-lh:l.



20 L L - .~ NACA RM L52C11

TABLE IT.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF THE
TWISTED AND CAMBERED WING OF L45° SWEEPBACK AND

ASPECT RATIO 8.0 - Continued

2pgn Pa. Fenca
pe L.EJof B.Ed roomtion Configuration c,‘JﬂcL- D at carta
vice Davice axio.8% Cn Charsctaristics Hgars
ol R Oluax
[
3 i o L8 1216
gxgit == . L N
S 1.61 | 28,00 a .
Foars | 515 PR 8.9/ 0.8 ,,-_o 20
o _
i L
8plit | .575 (5\ 1.7 ] 28.0 20
!‘ﬂpl g B, = 30°
ix
ﬂ’li" 575 (a\ 1.78% 30.2° 2
aps |- o
.50 2. = 30 I P _{J
k. iy e = 3
Tleps
=975 = 1.50 | 51.3° k._\—r'—/-:—- . 1k
.80
 Wona | 575 P N 7 Py - N
80
Y mm— .y | z0.00 ~S— 1
None (c:-’— 1.50 | 30.0° ,J n
e
2522
Plaps Yone
2517 51.2° l: 2
Noze ’ }'-1-39 30.0° 11.0 -
P o
of L.E. flap
R at hob/2
Flups | Yoo
P N X ] LB ‘ P .-
-5T5 Toboard end
.80 of L.E. £14p
at L00/2
.1
gig? Nona _ h.uz |26.5° 15
" -375 Toboard end ] 7—64*
-80 of L.E. flap
at .5250/2
# Mgxtmm 15Tt cosfficient probably limited by angle-of-sttack ranys teated. = EE;E pra
® and 60° ured in plant normel to 0.60
n::o:;r:.‘h::i:gr:?p;‘ndoiosgia‘m 52°-;::lui'ad in a plane persllel tc .

the plane of symmetry.
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TABLE IT.-~ SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF - THE

TWISTED AND CAMBERED WING OF lI-5o SWEEPBACK. AND

"ASPECT RATIO 8.0 - Concluded

| Sven ) Span | ... ) .
ootz Bl i | oeertemeon e R
(o/2) [(o/2) -
c—
75 P amm—— 1.39 |26.2° 9
:Eo Pence helght = 0.15t,,.
o= 11 f26.50 3
:3'55 Fence hefght = 0.15t,,, —— -
Q.30tpey
P fremferee| 7.5
- 27
i, = o°
Hone Hons rﬂcm
g . _9_ 1.32 |27.20 20
1, =k° ] /
g_ —_— . 1.3 |=28.2° 8.5 ) o’
-0 .
N =S | .
.335 - ]
> 1, =k° R I
a . ' N < :
. |3 {3—“‘:}:& —(} Rl =
Flapa [8plit —335
*laps | . -
i, =ke : . o .. W
& Maximom 11ft coefflcient probably limited by engle-of-attack range tasted. W

Flap dsflection angles of 30° oand 6a° Jpassured in plane normel to 0.80
chord lina acorrespond to 25 and 52 measured in a plane parallel to
the plens of s:nmetz-y.
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NACA 63 .sen'es section

0.25chord line

: 8]
o
Mean aerodynamic chord, 16.672 N
N .
Aspect ratio| 8.0
Taper ratio | 0.45 5 ‘
Area,sq ft | 1402 | _E" 9.,.
9873 — !
f—— 36758 ———— 33.266 ___I Wing reference plane (determined

by root chord and 0800 Iines)

| — 3./82— I — —1‘3'*4?-'—— e R
\ B .- S T"_l._?—7é*6 Diam. / -
) i 0 = - . L .. P
" 33.3442 ——~|Section of constant dfbm.l-——_52.236
— 127.260 — -

(a) Wing and fuselage.
Figure 1.- Geometric details of the twisted and csmbered wing of -

450 gweepback and aspect ratio 8.0 and the various devices tested.
All dimensions in inches unless otherwise noted.
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fe—— 0.80¢c -——l\_,éf .

Section A-A (enlarged)
Typical section with split Fflaps

/'—’\ : | L;'0.35b/2——
| o \/’f l— 0.506/2—
i - lit flaps ' .
Typical section with extended spli P .60b/2

3f‘23 and 52 (30 ﬂﬂd 60 l’.ﬂ p]ane
.
narma[ fa 0.805' Iiﬂe}

(b) Trailing-edge flaps.

Horizontal plane through

root chord line 0.975b/2 — i

Cellulose tape-

475° _—) [——o05756s2
_ j T _ i.o.3200/2
0 | e 0.5000/2—T
N 045082~ | |/

Wooden block
380 6.00 Radius_

Section B-8 (enlarged) .

(c) Ieading-edge flaps.

Figure 1.- Continued.
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/‘i‘fméx\,ga"

Lo. 25 c-.-l

Complete fence

: |
30 O6lmax- | _430°
0.05¢

O0.6tmgy chord fence

/ +0.350b/2—
~—0.450b/2—
0.575b/2—

0.700bs2 1
0.800b/8 —————»
0.890b/2

Spanwise stations ot which
fences were ftested

30° O.15tmax 30° 30° _ _ 3Jo°

O./5tmax chord feace Chord fence height varies from
O.15tmax at 0.05¢ to 0.301max

t 1.00c }
a

(d) PFences.

Figure 1l.- Concluded.
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£ 1IN
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S N
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g,-/z

N o 2 -4 .6 .8 /.0
Spanwise  station, Z2y/b

Figure 2.- Spanwise variation of wing geometric twist and design section
1ift coefficient.
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Figure 3.- The twisted and cambered wing of 45° sweepback and aspect
ratio 8.0 mounted in the Lengley 19-foot pressure tunnel.
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' Figure 4.- Lift and pitching-moment cheracteristics of the cambered and
twisted wing end the flat wing at a Reynolds number of 4.0 x 106,
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Figure 5.- Lift and pitching-moment characteristics of the wing with e
single fence on each semispan st verious spanwise locations,
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Figure 5.- Concluded.
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Figure 6.- Lift and pitching-moment characteristics of the wing with two
fences on each semispan at various spanwise locations,
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Figure 6.~ Concluded.
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Pigure T.~ Lift end pitching-moment characteristics of the wing with
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Figure T.- Concluded.
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(a) Cp, against a.

Figure 8.- Lift and pitching-moment characteri'stics of the wing with
four or five fences on each semispan at various spanwise positioms.
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Figure 8.- Concluded.
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Figure 9.- Effect of fence helght or the 1ift and pltching-moment char-
acteristics of the wing with chord fences at C.575b/2 and 0.800b/2.
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Direction
of flow

(b) 0.575, 0.80, and 0.89b/2
complete fences.

(a) Plain wing.

surface as obtained by

wing

Figure 10.- Airflow characteristics near the

Plaln wing and wing with complete fences

at 0.575b/2, 0.800b/2, and 0.890b/2.

observations of wool tufts.
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Figure 11.- Lift and pitching-moment characteristice of the wing with
various spens of leading-edge flaps,
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ko
2 2 T
! i
Cm » Cm |
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Direction
of flow
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. area

7
Y RN
(b) 0.500b/2 leading-edge flaps,
0.350b/2 complete fences and
0.575b/2 and 0.800b/2 chord

fences.

(a) 0.500b/2 leading-
edge flap.

Figure 12.- Airflow characteristics near the wing surface ss obtained
by observations of wool tufts. Wing with O.500b/2 leading-edge flaps

with and without fences.
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FPigure 15.- Lift and pitching-moment characteristics of the wing with
various spans of split flaps deflected 52° and with O.500b/2 extended~
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Figure 18,- Lift and pitching-moment characteristics of the wing with
various combinations of leading- and tralling-edge flape.
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Figure 19.- Effect of split flap span'and deflection angle on the 1lift
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Figure 30.- Effect of Reynclds number on the 1ift and pitching-moment
characteristics of the wing with complete fences at 0.35b/2,
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'Figuré 32.- Effect of Reynolds number on the lift-drag ratioc of the plain
wing. .
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Figure 33.- Effect of roughness on the 1ift and pltching-moment character-
istics of the plein wing et two Reynolds numbers.
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(b) Cp eagainst Cp.

Figure'33.- Concluded.
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